The pocosins, or broad-leaved evergreen shrub bogs, constitute one of the most distinctive plant communities of the southeastern coastal plain. They occupy flat, poorly-drained areas where the soil is frequently water-logged for long periods of time, but where surface water seldom stands to a depth of more than a few inches, and then only for comparatively short periods. The water relations of the plants growing in pocosins present an interesting problem to the plant physiologist because structurally the leaves of many of the species resemble those of plants growing in a dry habitat rather than those of plants of wet places. The shrubs have simple, more or less elliptical leaves which are rather thick, leathery, and heavily cutinized. The leaf structure is of a type generally believed to have a low rate of transpiration, but there is never a lack of soil water except during severe summer droughts.
Introduction
The pocosins, or broad-leaved evergreen shrub bogs, constitute one of the most distinctive plant communities of the southeastern coastal plain. They occupy flat, poorly-drained areas where the soil is frequently water-logged for long periods of time, but where surface water seldom stands to a depth of more than a few inches, and then only for comparatively short periods. The water relations of the plants growing in pocosins present an interesting problem to the plant physiologist because structurally the leaves of many of the species resemble those of plants growing in a dry habitat rather than those of plants of wet places. The shrubs have simple, more or less elliptical leaves which are rather thick, leathery, and heavily cutinized. The leaf structure is of a type generally believed to have a low rate of transpiration, but there is never a lack of soil water except during severe summer droughts.
Though the problem of the water relations of bog plants has long been a subject for discussion, all of the earlier workers confined their investigations to northern bogs. SCHIMPER (25) was among the first to notice the discrepancy between leaf structure and habitat. He advanced the theory that bogs are physiologically dry, the absorption of water being hindered by the presence of certain humic acids and soluble salts released during decomposition of the organic matter in the soil. He believed that the structure of the bog sclerophylls materially aided in preventing excessive water loss from plants whose root systems were unable to absorb much water because of the physiological dryness of the habitat. This theory of physiological drought was more or less generally accepted. Most of the earlier workers merely speculated as to the cause of the alleged physiological drought, however, and failed to present much real experimental data on the actual water relations of the plants.
A number of causes of physiological drought have been suggested. Low soil temperature was regarded by SCHIMPER (25) , WARMING (30) , and TRANSEAU (27) as a factor in northern bogs. DAVIS (13) and BURNS (3) type characteristic of southern bogs or pocosins. In the southeastern coastal plain, obviously, low soil temperature could not be a factor in producing physiological drought. WELLS (31) stated that the soil toxin theory furnishes the most probable explanation of the supposed physiological dryness of the southern pocosin. According to WELLS (32) , the low soil oxygen in a bog habitat during periods of flooding interferes with root growth and absorption. He suggested that, although no transpiration data are available for bog shrubs, there could be little doubt that the coriaceous leaves of these plants protect them against excessive water loss, enabling the poorly developed root system, in its poorly-aerated environment, to maintain the proper water balance. WELLS and SHUNK (33) believe that this low oxygen content is responsible for a complex of soil factors in grass-sedge bogs which prevent other species from entering the area for several years after drainage. DACHNOWSKI-STOKES and WELLS (12) suggested that this "lag effect" in grass-sedge bogs and a similar effect which they observed in a pocosin may be attributed to high acidity or possibly to organic toxins.
A few investigators, among them MONTFORT (21) and STOCKER (26) , have rejected the theory of physiological drought of the habitat and of low transpiration rates of typical bog plants. MONTFORT figure 1 . It is believed that the minimum relative humidity of the two sites is more important than the average or maximum humidity in respect to plant growth; therefore, only these values are reported. The curves show that minimum relative humidity in the pocosin was usually higher than in the upland, but the greatest variation between the two sites was only 10 per cent.
Average evaporation per week from four standard white bulb atmometers at each station is shown in figure 2. During the entire season evaporation rates were considerably lower in the pocosin than in the upland. A difference was to be expected since the relative humidity of the air in the pocosin was higher than in the upland. Some weeks there was approximately 40 per cent. more evaporation in the upland than in the pocosin. Although no records of wind velocity were obtained, repeated observations indicated that there was considerably more wind in the upland than in the pocosin. This difference in air movement may partially account for the greater variation in evaporation than in relative humidity in the two sites.
There was very little difference between air temperatures in the pocosin and at the upland station, and the same was true of soil temperatures. This is not surprising since the two habitats were within a few hundred yards of each other. It seems probable that the small differences recorded were of little significance with respect to plant behavior, and they are, therefore, not included in this paper.
The pocosin soil consisted of a layer of organic matter approximately five to seven inches thick, overlying a sandy soil. This humus layer was composed of shrub leaves and sphagnum in various stages of decay interlaced with numerous fine roots and formed a fibrous mat over the underlying 50- sand. The surface of the bog was made very irregular by numerous hummocks which varied from a few inches to 12 or 15 inches in height in the wettest parts. With the exception of sphagnum, the vegetation was largely confined to these hummocks. The floor of the upland was very different from the pocosin since it was-practically bare of litter. This was the result of frequent fires and the rapid decomposition of organic matter in the hot humid climate of the region. The surface layer, six or eight inches in depth, was similar to the sandy layer beneath the peat in the pocosin.
The shallow root systems of the pocosin species were largely confined to the fibrous peat mats and, as far as could be ascertained, only a few roots penetrated beneath the peat into the mineral soil. There was a deeper distribution of roots in the mineral soil of the upland, but even in this site, most of the roots were very close to the surface. The soil in both habitats was acid in reaction, but that of the peat was much more acid with a pH value of 3.5.
The level of the water in the pocosin soil varied only a few inches during the spring and summer of 1941, the variations being related to the amount of rainfall. From May 9 to June 6 there was only a half inch of rain, and the water level at the instrument shelter dropped from the surface of the peat in the depression to approximately four inches beneath the surface. 'Eight inches of rain fell between June 27 and July 11, temporarily raising the water level in all parts of the pocosin. In the wettest part of the pocosin, water stood during the spring and summer several inches deep in the depressions between the hummocks. Nowhere in the pocosin was the water level ever more than 6 inches below the surface. Since water could always be squeezed out of it, the peat soil was considered always to contain readily available water for plant growth. Although these data do not furnish a description of the habitat very different from that which might have been obtained by generalizations from careful observations, the writer believes that they, nevertheless, are of considerable value. They furnish the first exact measurements of some of the environmental factors in a pocosin, and with these specific data it is possible to interpret more accurately the relation between the environment and plant behavior.
Phytometer studies These experiments are presented in four parts. The first concerns a comparison of transpiration rates in the two habitats. The second is a com-parison of transpiration rates of pocosin species and mesophytic species. The third deals with the effects which flooding the soil has on transpiration rates. The fourth concerns the effects on transpiration which are produced by saturating the soil with carbon dioxide.
MATERIALS AND METHODS
The plants studied were Clethra alnifolia L., Gordonia lasianthus L. All of the pocosin species were potted in sandy soil obtained at the pocosin. The mesophytes were grown in the sandy loam used as potting soil in the greenhouse. The pots were placed in buckets and sealed to make them rainproof and to prevent loss of water by evaporation from the soil. All plants had been growing out-of-doors in pots for several weeks prior to the periods of investigation. In each experiment at least three individuals of each species were used in the determinations.
The transpiration rates were determined by weighings, and the moisture content of the soil was maintained at its field capacity throughout the experimental period by replacing, after each weighing, the amount of water which had been lost.
The results are expressed as grams of water lost per square decimeter of leaf surface or, on a per-plant basis, as percentage of the expected rates which were determined prior to the test period. The leaf areas were determined by means of the photo-electric method, modified and described by KRAMER (15) .
Results COMPARISON OF TRANSPIRATION RATES IN THE TWO HABITATS
If the pocosin is physiologically dry, there must either be some factor in the plant or in the environment which retards excess loss of water from the plant, and thus enables it to survive under such conditions. This experiment was devised to determine whether or not the atmospheric factors in a pocosin, as compared to those in the upland site, might limit transpiration sufficiently to be of any real protective value to the plant if its roots are in a physiologically dry habitat. The soil was maintained at or near field capacity, and, therefore, the important variable factors in the experiment were the atmospheric differences in the two sites.
Three typical pocosin species, Gordonia, Clethra, Myrica, and one mesophytic species (white oak) were used to compare transpiration rates at the two habitats. Four individuals of each species were arranged at random at each station. The containers were placed on the ground and covered with excelsior to prevent excessive heating of the soil by the sun. The transpiration rates for two-day periods were determined by weighings. the soil inside the containers below these high air temperatures. It seems unlikely that the temperature of bog water and soil is ever this high since the highest soil temperature record.ed during the period of observation was 28°C. CANNON (4) says that roots require more oxygen for growth at high than at low temperatures. Probably poor aeration is much more injurious at high than at low soil temperatures. In this experiment it seems possible that a high oxygen requirement, at a time when the oxygen supply was greatly reduced, was partly responsible for the inability of the roots to supply the tops with sufficient water.
The second experiment was performed in the greenhouse during the fall of 1942. The soil of the test plants was flooded on October 9, and the roots were continually submerged until the termination of the experiment on figure 5 as percentages of the expected rates of transpiration on the basis of the average rate of four individuals of each species.
Although transpiration rates were reduced, there was no evidence of injury to any of the plants during the twenty-day period of submergence of the roots. The greatest reduction in transpiration occurred in Gordonia on October 17 The period of investigation had clear skies, high temperatures, and high evaporation rates as measured by atmometers and was, therefore, quite favorable to high transpiration rates. It is believed that if pocosin species are especially sensitive to the injurious effects of carbon dioxide, visible symptoms would have developed during a period so favorable to high transpiration. Therefore, although these pocosin species show reduction in transpiration when their roots are growing in soil containing appreciable amounts of carbon dioxide or in water-logged soil, they appear to be more tolerant of such conditions than species such as white oak and eastern red oak, which normally grow only in well-aerated soil.
Discussion
The data as shown by the curves in figure 3 , reveal that transpiration in the pocosin is not significantly different from that in the upland forest. This might seem surprising since the relative humidity in the pocosin was found to be higher than in the upland. The phytometers in the pocosin probably received more direct sunlight than those in the upland although no direct measurements were made. In the pocosin there were only a few scattered pines, whereas, in the upland, the pines and the few hardwood understory trees furnished considerable shade. Although the shrub cover in the pocosin was dense, and an area had to be cleared to place the phytometers, the experimental plants were not shaded as much as were those in the upland. It appears, then, that the shrubs normally growing in the pocosin would receive more sunlight than similar shrubs growing in the upland. It was impossible to estimate to what extent, if any, this difference in amount of sunlight affected the transpiration rates at the two sites. Since the atmospheric factors are the only known variables in this experiment it seems logical to conclude that the atmospheric factors in the bog are not effective in limiting transpiration. This being true, if the plants are growing in a physiologically dry habitat the plant itself must limit transpiration sufficiently to balance the low water intake.
The data in table I furnish no evidence to support the view that the coriaceous leaf structure of these species is an adaptation enabling the plants to survive physiological or physical drought by virtue of low transpiration rates. The phytometer studies conclusively show that the pocosin species, Clethra, Gordonia, Ilex, and Myrica, growing in fairly well aerated soil with moisture content near the field capacity, have transpiration rates at least as high as those of such mesophytes as white oak, eastern red oak, and tulip poplar. In fact, Gordonia and Ilex consistently had higher rates than those of any of the forest species.
These data, of course, do not prove that the plants are not droughtresisting forms, but they do indicate that their leaf structure does not prevent water loss. MAxIMov (19) has pointed out that not all droughtresisting plants have low transpiration rates but that actually many have c~omparatively high rates of transpiration when there is plenty of available soil water. It has been shown by TURRELL (28) that some plants having so-called xeromorphic leaves actuallv possess a high ratio of internal to external surface that makes them capable of relatively high transpiration rates.
An anatomical study of the leaves of several pocosin species by Mc-MENAMIN (20) has revealed the relatively large amount of surface exposed to internal air spaces. In Gordonia lasialthus the palisade is made up of two or three moderately compact layers and the spongy layer contains many air spaces. In hlex glabra, in spite of the compact appearance of the palisade, there is a vast exposure of internal surface as revealed by sections cut parallel to the epidermis. Although the palisade layer is somewhat compact in Clethra alnifolia and Myrica cerifera, both possess comparatively open spongy tissue. TURRELL (28) cited several experiments which showed sun leaves and leaves with much palisade to have higher transpiration rates than shade leaves. TURRELL (29) also said that experimental plants, in his studies of the correlation between internal surface and transpiration rate, showed a high degree of correlation between the ratio of internal to external surface and the rate of transpiration. Since the amount of surface exposed to internal air spaces is an important plant factor in determining transpiration, it is not surprising to find that the pocosin shrubs used in this study had transpiration rates comparable to those of mesophytic species.
It is reasonable to suppose that transpiration rates obtained with phytometers are representative of the rates of shrubs growing in the pocosin under the same conditions. The root systems of the plants involved in these studies were certainly no more extensive, and probably much less extensive, in proportion to the tops, than similar systems in the peat layer of the pocosin. Under conditions of adequate moisture and in fairly well-aerated soil the roots of the experimental plants apparently were If we accept MONTFORT'S (21) conclusion that absorption of water is not hindered by any toxic properties of the water or soil, and if aeration is not a problem during periods when water loss tends to be high, there seems to be no basis for considering the pocosin a physiologically dry habitat. STOCKER'S (26) findings that the root systems of bog shrubs are more efficient in absorption per unit of surface than those of mesophytes, and our observation that some bog species have transpiration rates of the same magnitude as mesophytes do not support WELLS' (32) theory that the root systems of these plants are not capable of supplying any great amount of water to the tops. The water requirements of these plants apparently are high as indicated by the high transpiration rates and by their natural occurrence in bog habitats. That they have high oxygen requirements, at least during the actively growing season, has also been demonstrated. The lack of aeration in bog soils apparently is compensated for largely by the shallow root systems and the growth of shrubs on hummocks in the wettest areas of the bog. The ability to survive in water-logged soil, when other plants cannot, may be due to their tolerance of high soil acidity. These shrubs probably are confined largely to the bog habitat more by their high water requirement than by any other factor.
The coriaceous leaf structure, characteristic of many pocosin species, cannot then be explained in terms of water relations. Some evidence points to the possibility that the characteristics of the vegetation of certain habitats are determined partly by mineral deficiencies. According to MOTHES (22) , the coriaceous structures of bog plants may be attributed to a nitrogen deficiency and not to physiological dryness. ALBRECHT (1) suggested that lack of calcium in soils is correlated with a highly carbonaceous vegetation. The acid soil of the pocosin might be assumed, then, to favor the development of leaf structures with high carbon content which was described by McMENA-MIN (20) as characteristic of pocosin shrubs.
In conclusion, it seems that we probably need to revise our ideas about bogs and bog plants. Most discussions have been influenced by the somewhat archaic concepts of bogs as "physiologically dry" and of the plants growing in them as "bog xerophytes." It appears that these concepts have outlived their usefulness and could well be discarded. It will be possible to explain the physiology of the plants in our pocosins only after the accumulation of more experimental data, unhampered by traditional views.
Summary
A physiological and ecological study was made of a pocosin located in Beaufort County, North Carolina.
A comparison of the environmental factors of the pocosin and of an adjacent pine stand was made. Soil and air temperatures, as recorded by thermographs, are quite similar in the two habitats. Relative humidity is lower, and evaporation rates are considerably higher in the pine stand than in the pocosin. It is probable that the higher evaporation in the pine stand is caused partly by greater air movement in this site.
Phytometer studies indicate that transpiration rates at the two habitats are similar. The atmospheric factors do not appear to be sufficiently different in the two habitats to affect transpiration.
Soil factors of the pocosin and the pine stand differ more than do atmospheric factors. The accumulation of peat, the higher water table, and the greater acidity in the pocosin make its soil conditions quite different from those of the pine stand. The water level in the pocosin fluctuates considerably during the year. At certain times water stands to a depth of several inches in the depressions between the hummocks, and at other times it falls several inches below the surface of the peat. When the water level is high the roots of the shrubs may be submerged and thus subjected to low soil oxy-yen, but when the water level falls the roots are in relatively well-drained, ind probably well-aerated peat. Since most of the shrubs grow on humnocks it appears unlikely that the root systems suffer from inadequate aera-"ion for any great length of time.
Phytometer experiments in which the soil was saturated with water or 3arbon dioxide indicate that transpiration of pocosin species is reduced as much by poor aeration as is transpiration of mesophytic species. The pocosin species, however, seem to be injured less by poor aeration of the soil than do mesophytes.
Observations extending over three years indicate that generally during periods when atmospheric factors favor high transpiration rates the shallow root systems are seldom submerged for more than a few days at a time. The problem of aeration, therefore, seems to be of less importance than has commonly been supposed.
Experiments show that the pocosin species Clethra alnifolia, Gordonia 'asianthus, flex glabra, and Myrica cerifera have transpiration rates at least 3omparable to those of mesophytic forest species. The xeromorphic structures of the leaves of the pocosin shrubs apparently are not effective in reducing transpiration.
The pocosin habitat is probably not physiologically dry so far as the pocosin plants are concerned, and these plants are not xerophytes in the sense of having low transpiration rates. No clear explanation for their Keromorphic appearance can be offered.
